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Abstract  
Natural resources should be used as effectively as possible along the entire supply chain. One approach to keep the resources on 
a high value-added level is the extension of classical supply chains to closed-loop supply chains, covering the whole product life 
cycle. This requires innovations in products and technologies as well as changes in existing value-added processes. Thus, the 
required redesign process comes along with extensive investment and a high level of uncertainty and flexibility and can have a 
significant impact on the success of the company. 
This paper presents a model, based on the real options theory with a closed-loop supply chain which complements the classic 
investment approach with ecological aspects of the evaluation. The model allows a qualitative and quantitative assessment of 
investment decisions associated with uncertainty. Additionally, the possible options for action and the inherent risks are 
demonstrated. The expansion of the net present value method to real options with external environmental factors and 
entrepreneurial aspects of design enable in this case the calculation of an extended net present value for realistic evaluation of 
strategic investments. 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the International Scientific Committee of “9th CIRP ICME Conference". 
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1. Introduction 
Global growth and a rising living standard for current and 
future generations can be realized only with sustainable 
management [1]. In order to meet the required change towards 
a sustainable added value in companies, they have to deal with 
strategic investment decisions which have a significant 
influence on the business success.  
Therefore, a decision model has been developed that 
considers environmental influences. A basic requirement of 
the decision model is the systematic evaluation of the real 
options within the investment process as well as the 
consideration of external environmental factors. A methodical 
approach for the identification and evaluation of optimization 
potential and investment needs enables investors to manage 
the investment process. It offers a guideline for a constructive 
arrangement of eco-oriented investment projects. Due to the 
complexity of the evaluation and calculation of investment 
costs, the presented approach will be implemented in a 
software prototype. The decision model is able to evaluate 
investment-related options and flexibility in advance and 
assure the decision process. It offers a basis for managing the 
scope for designing the respective investment process. 
Moreover, the model enhances the acceptance of sustainable 
business models and contributes to sustainability. 
2. The change to eco-effectiveness 
Eco-effectiveness follows the example of nature and
strives to construct biological or technical cycles. Only 
decoupling the consumption of resources from economic 
growth allows the required sustainable growth. The 
decoupling can be realized only through innovation effort into 
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new products, technologies and new business models. The 
implementation of such purposeful innovation is associated 
with strategically deliberate investment decisions. Therefore, 
the alignment to more sustainability requires a change in 
corporate culture and also innovative product design and 
product engineering. In this case, the existing added-value 
structures need to be completely revised. 
2.1. Finite resources require closed value networks 
As part of an eco-effective approach, especially for the 
established products, the added-value structures of both intra- 
company and an entire supply chain is to be questioned 
critically. As shown in Fig. 1. closed material cycles 
increasingly enable the conservation of natural resources and 
reduction of waste through the development from a one way 
economy to a circular economy.  
Fig. 1. Simple model of a closed value network [2] 
The change towards a recirculated economy, based on the 
approach of “sustainable development” has extensive 
implications on the company and its surrounding 
environment. An increase of economic growth is sought 
through improved resource productivity while maintaining the 
quality and quantity of natural resources. A sustainable 
strategy of the production system includes the efficient use of 
available resources considering a target balance of economy, 
ecology and social responsibility [3]. In this context, 
legislation is required, that specifies that only the 
consumption of goods is allowed which are detectable and 
completely ecologically degradable. With the Cradle-to-
Cradle concept Braungart and McDonough describe eco-
effective products which can be either recycled as biological 
nutrients in biological cycles or go as technical fabrics 
continuously through technical circuits [4]. 
2.2. Closed-loop supply chain 
The further development of existing supply chains to 
closed-loop supply chains provides a possibility to close 
material cycles and thus to increase the eco-effectiveness 
significantly. The term “closed-loop supply chain” is based on 
the environmental management research in the field of 
recycling economy and is considered as a further development 
of supply chain management. Following Guide and van 
Wassenhove, closed-loop supply chain management can be 
described as the design, control and operation of a maximum 
value-added system over the entire product life cycle 
including dynamic recovery of different types and quantities 
of material return flows over a certain period [5].
Complementary to this, the description of Minner and 
Kiesmueller considers closed-loop supply chains as related 
and dynamic processes at the end of the product life cycle [6]. 
Thus, closed-loop supply chains achieve an essential 
contribution to the sustainability of entrepreneurial activities. 
The objective in closed-loop supply chains is the design of 
products and processes which enable to keep their primary 
materials long-term at the same value level or even run an up-
cycling of materials [7].  
However, while integrating material recovery to the 
closed-loop systems, additional environmental and economic 
objectives have to be considered. Environmental legislation 
and market strategic aspects are promoters of an efficient 
recycling economy. Particular benefits for companies are 
reduced material costs, less waste production, output 
optimization with a reduced use of resources and a higher 
responsibility of the manufacturer. Also an important 
contribution is made to the enterprises eco-balance. The 
therefore needed changes are combined with a high degree of 
uncertainty. In addition, the implementation of innovations in 
the value chain assumes investment decisions. This 
investment decisions usually lead to long-term fixed capital 
commitments and have high influence on the company's 
success due to their strategic nature. 
It is necessary to recognize and evaluate all relevant risks 
and chances related to the change process. Especially 
regarding eco-effectiveness these opportunities are often 
unknown in companies. The model aims to enable and to 
assure investment decisions oriented towards eco-
effectiveness within the whole value chain. Thus, an 
evaluation model has to be developed supporting decision 
makers to consider opportunities and investment risks coming 
along with sustainable production. 
3. The investment process 
Investment decisions interact with many different 
departments of the company (interdependences). The affected 
fields include production processes, logistics, personnel and 
materials management. The consideration of these 
interdependences is important for investment planning. The 
available means of production, for example, influence the 
realizable range of products. The future market requirements, 
in turn, have an impact on the future production program and 
thus to the needed resources. Especially the company’s 
interaction with the environment generates a dependence of 
investment decisions by external factors. These external 
factors can hardly be influenced by the company in general. 
External factors (e.g. demand behavior, social and political 
context condition) thus have an influence on the investment 
decision. The investment itself, however, also influences the 
business environment, for example by the consumption of 
primary materials or the emission of pollutants. Investments, 
therefore, should not be regarded isolated from the corporate 
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environment but should be evaluated in consideration of the 
relevant environmental factors. 
As an important distinguishing investment feature strategic 
and non-strategic investments can be differentiated. Strategic 
investments are characterized by the following factors [8]: 
• The top institutions of corporate governance are 
responsible for the investment decision.  
• The investment is important for the enterprises success. 
• The investment requires a high use of resources and has 
long-term effects (irreversibility). 
• The investment decision is unique and innovative. 
• Several objectives must be considered within the 
investment decision (multiple criteria). 
• Investment decisions offer complex alternatives with a 
variety of measures and have interdependences to 
numerous divisions of the company. 
• The decision making process is characterized by long 
planning times. 
3.1. Classical investment appraisal 
Models of investment appraisal can essentially be divided 
into static and dynamic models as well as models with or 
without consideration of uncertainty. The biggest advantage 
of static investment appraisal methods is the simplicity of 
their application. Static investment models are based on trivial 
calculation models and can typically be used without specific 
mathematical knowledge or the help of IT. On the other hand, 
static models of investment appraisal use simplifications so 
that major components of the investment process are not 
considered sufficiently. Static investment appraisal is, 
therefore, not suitable for the evaluation of strategic 
investment decisions. 
Unlike the static investment appraisal, the dynamic 
investment appraisal regards several periods of the investment 
process, so that the investment can be characterized by the 
time course of payments. Here, the payments are made at 
certain times. In order to achieve a comparable basis, despite 
different payment dates, payments are transformed to a 
specific point of time.  
The net present value method represents the most favorite 
method of dynamic investment appraisal. Target size of the 
net present value method is the net present value, which 
reflects the present value of an investment by referring the 
value of all future payments on the current moment. 
Therefore, the net present value can be described as the 
difference of the present value of cash inflows and outflows 
of an investment object [9]. It is calculated as the difference 
between the annual incoming and outgoing payments (et – at) 
for the total term of the investment (T) under consideration of 
a discount factor (q-t). 
ܸܰܲ ൌ σ ሺ݁௧ െ ܽ௧ሻ ή ݍି௧௧்ୀ଴                                        (1) 
At this point, it can be summarized that models of dynamic 
investment appraisal are more suitable, than models of static 
investment appraisal for evaluating investment decisions in a 
realistic way. On the other hand, dynamic models of 
investment appraisal do not sufficiently consider uncertainty 
and flexibility coming along with the investment process. 
Nevertheless, models of dynamic investment appraisal are 
fundamental for the described evaluation approach, based on 
real options. 
3.2. Real options 
Any investment can be regarded as a form of real options. 
In this case, the real option theory, a theory of investment 
under uncertainty, is taking into account a temporal 
dimension. Real options are in their characteristics 
comparable to financial options. In the area of financial 
markets “call options” and “put options” can be distinguished.  
For the call option, the seller offers the buyer the right to 
buy an asset at a pre-defined price within an agreed period. In 
return, the option buyer pays the seller of this option a 
premium. In the put option, the seller grants a premium for the 
right to sell an asset at a specific price during the option term. 
The agreed price is called the strike price. This may be above 
or below the current price of the asset, depending on the price 
development on the market. In this context “European 
options” and “American options” can be distinguished. 
European options can only be exercised at the end of a 
fixed term. For American options, the realization of the option 
during the whole time is possible. Financial options can be 
traded on the stock exchange like real goods. The value of the 
option, therefore, depends on the current price and the strike 
price of the option. If the agreed strike price at the end of the 
determined time of a European option is higher than the 
current price, the option-holder will not exercise his option. 
There are many reasons that lead to real options for 
companies. For example, the ownership of land or patents 
constitutes a basis for company-specific real options. Often 
real options arise also from access to certain resources or are 
based on technological knowledge or the market position of 
the company. According to Dixit and Pindyck there are three 
factors in investment decisions which are not regarded 
sufficiently by classical investment appraisal [10]: 
   
• irreversibility  
• uncertainty of cash flows 
• temporal flexibility 
  
Realized investments usually cannot be reversed without 
creating high costs. Thus, they represent sunk costs. Sunk 
costs are often company-specific (e.g. marketing investments) 
or industry-specific (e.g. the construction of a steel plant). 
This is highly important for strategic investment decisions as 
the irreversibility of the investment decision can have 
dramatic consequences for the company's success. 
In addition and as already described, the return of an 
investment is marked by uncertainty. In general it will not be 
possible to take into account all future developments and 
environmental influences during the planning process. So the 
amount of the expected cash flows is uncertain. The classical 
methods of investment appraisal based on the net present 
value do not consider this factor of uncertainty. 
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The lacking consideration of temporal flexibility of 
investment decisions is the third major criticism of classical 
investment appraisal. Mostly investments are regarded as 
“now-or-never” decisions. In contrast, it is often possible in 
real investments, to delay the investment decision. If an 
investment is not made immediately, this usually does not 
mean that it cannot be done later. Such a delay strategy can be 
helpful to gain more information about external factors before 
investing. In this way the uncertainty can be reduced. The 
opportunity to wait offers an option which is not evaluated by 
classical investment appraisal. It therefore is a real option. 
According to their characteristics, real options can be 
divided into seven different types [11]: 
• option to defer  
• option of staged investment 
• option to alter operating scale 
• option to abandon 
• option to switch 
• option to grow 
• option to interact 
The option to defer an investment represents the possibility 
to not decide immediately whether an investment should be 
done or not. The decision can be made later. The option of 
staged investment is the possibility to split an investment 
project into a series of investment processes. With this option, 
the investor has the possibility not to continue an already 
started investment process, for example if an important 
milestone cannot be reached. The option to alter the operating 
scale describes the possibility to expand, reduce or 
temporarily shut down an investment and resume it again 
later. An option to abandon exists principally in every 
investment project. It describes the ability to abandon an 
investment project. In contrast to the option to alter operating 
scale the option to abandon does not give the possibility to 
restart the investment project at a later point of time. The 
option to abandon is mostly combined with the realization of 
sunk costs. The option to switch describes the ability to 
change the type of use of the investment object. The investor 
has the option of choosing between different investments 
alternatives in investment decision-making in general. 
Sometimes this option also exists after the investment process 
has already been started. So it offers the decision maker the 
opportunity to change the investment plan. An option to grow 
is characterized by the opportunity to first implement a low 
range investment. This offers the possibility to gain further 
information before investing in large scale. Growth options 
are, therefore, extremely valuable if uncertainty of the 
investment decision is high. If an option to grow exists, 
investors gain the possibility to start an investment with a 
slight budget and to expand only if data develops in a positive 
way. The option to interact describes the possibility to 
combine different types of the described options. By sharing 
the possibilities for action, another added-value can result for 
an investment. Therefore the investment risks could be 
reduced by a strategically aligned coupling of the present 
investment decision options. 
3.3. Calculation of the real option value  
The value of a real option is affected by the following 
factors [12]: 
• the basic value of the option 
• the combined uncertainty 
• the strike price of the option 
• the time to expiration 
• the future loss in value 
• the riskless interest rate  
The basic value of an investment describes the value of the 
investment object. For measuring the basic value, the value of 
the cash flows of the investment can be used. As the 
investment itself has a basic value, also each real option has a 
basic value. It describes the present value which would be 
realized by using the option. The uncertainty characterizes the 
impossibility of exactly forecasting future developments of 
external environmental factors. For example, future sales 
volumes or achievable selling prices often are uncertain. The 
degree of uncertainty can be evaluated by the volatility of the 
options current value. The strike price of the option describes 
the necessary investment for realizing the option. It can be 
evaluated by the actual cash value of the exercise costs. The 
time to expiration describes the period of time which exists to 
realize the option. Sometimes this period of time can be fixed 
by law for example, by the term of licenses and patents. In 
most cases, however, the period for the time to expiration of 
an option is difficult to calculate and may be at least 
theoretically infinitely long. The loss in value of the option is 
created by the unrealized cash flows, as long as the option has 
not yet been realized. The risk-free interest rate is effectively 
the same interest rate which is used to describe classical 
investment appraisal and follows market values. As already 
mentioned, call and put options can be distinguished. 
Depending on which kind of option is regarded, the different 
option parameters have influence on the value of the option 
itself. Fig. 2. shows the impact of the different option 
parameters on a call option. 
Fig. 2. Value-affecting parameters of real options 
The higher the basic value of a call option, the higher its 
total value. The same is true of the time to expiration. The 
longer a period of time is in which the option can be realized, 
the higher the value of the option. In this case, a longer period 
of time increases the flexibility to exercise the option. An 
increasing loss in value, however, reduces the value of a call 
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option, as non-realized cash flows increase. With increasing 
degree of uncertainty, the option value of the call option 
increases. This can be explained with the example of staged 
investments. While the investor would invest in full 
immediately while uncertainty is low, an option of staged 
investment provides high value for investment decisions 
which are affected by high uncertainty. Using an option of 
staged investment in this case would reduce the risk of 
investment errors, since it enables to invest in small scale at 
first and then expand the investment if market conditions 
develop in a positive way. A rising risk-free interest rate 
increases the value of a call option. When lowering the 
exercise price of the option, the value of the call option 
increases as the realization of the option becomes cheaper. 
Regarding a put option the ratio would be in opposite 
direction as an increasing option price would generate higher 
cash flows for the option seller. 
4. Model for real option-based evaluation of eco-oriented 
investment 
As already described, for the model it is important to 
regard further aspects of flexibility and uncertainty which 
determine the total value of the investment. The investor’s 
flexibility is characterized by the opportunity to realize or not 
to realize real options. Moreover there is a scope for design 
which describes the possibility to actively affect the value of 
the investment as well as the value of the real options. This 
represents the opportunity of real option management. As 
shown, uncertainty results from the impossibility of 
forecasting the development of external factors on the one 
hand. On the other hand suppositions can be imprecise.  
After the various elements of the model have been 
explained, in the following the interrelation of the different 
types of objects in the overall system will be explained. As 
already shown, the basic investment represents the core of the 
model. The overall model always focuses on exact one basic 
investment.  
Fig. 3. Parts of the evaluation model 
The value of the basic investment is determined by the net 
present value of the investment and an additional net present 
value of the different real options. This leads to an extended 
net present value (NPVE). Thus, the extended net present 
value is the sum of the net present value of the basic 
investment (NPVB) and the net present value of the real 
options (NPVRO) [13]:
    
ROBE NPVNPVNPV +=                                            (2)
The net present value of the basic investment is affected by 
the environmental factors. In the same way the value of the 
real options depends on environmental factors. Moreover the 
value of the real options is affected by the scope for design. 
Environmental factors as well as the scope for design 
therefore increase or decrease the extended net present value 
(Fig. 4.).  
Fig. 4. The extended net present value 
The scope of design and environmental factors are as 
described in relation to the basic investment as well as to the 
real options. The relationship between the basic investment 
and the environmental factors is a 1:n cardinality, which 
means that one basic investment can be affected by several 
environmental factors. Between the real options on the one 
hand and the scope of design and environmental factors on the 
other hand, there is an n: m cardinality. Thus, many real 
options may exist, which are influenced by several design or 
environmental factors. The relationship between the real 
options and the environmental factors are important for the 
action-neutral valuation of real options. The relationship 
between the real options and the design factors characterizes 
the ability of real option management, since it represents an 
active influence of an internal group of the company on the 
value of the real option. Fig. 5. shows the interrelation of the 
various parts of the model.  
Fig. 5. Interrelation of the model objects 
5. Application of the model using the example of closed-
loop supply chains 
The integration of material reflows into existing supply 
chains towards a closed-loop supply chain shows all factors of 
strategic investment decisions. Therefore, it is a suitable 
example to be evaluated by the described real option-based 
evaluation model for eco-orientated investment decisions. The 
design of the closed-loop supply chain is also highly affected 
by external environmental factors. Governmental 
requirements influence the mechanisms of closed material 
cycles. Obligations of product take-back for example increase 
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the responsibility of manufacturers and, therefore, promote 
closed-loop supply chains. Increasing prices and decreasing 
availability of rare primary materials support the construction 
of closed material cycles as well as the general change of 
society’s awareness towards sustainable development. 
For enterprises, different real options are offered when 
creating a closed-loop supply chain. The stepwise integration 
of closed material flows into business processes for example 
can be understood as an option of staged investment or a 
growth option. In this case, for example, at first stage only a 
direct re-use of the products could be realized. This would be 
combined with only few investment costs and could 
especially be used for products which are not at the end of 
their lifecycle when they aren’t used by the customer 
anymore. 
This could be supported by the management of real 
options. In this case, for example, new business models could 
be implemented to enable temporary use of products for the 
customer. The value of the closed-loop supply chain would 
increase as the new concept and create additional value for the 
customer. In addition, maintenance and repair operations 
could be added to the closed-loop value chain to enable the re-
use of slightly damaged products. On the one hand, this would 
be combined with larger scales of investments as new 
processes have to be integrated into the existing supply chain. 
On the other hand, it would also create an additional value for 
the customer. This expansion of the material cycles leads to a 
growth option. In a further step, the closed-loop supply chain 
could be implemented completely by the re-use of single 
components and devices. Fig. 3. shows an example of the 
different steps of implementing a closed-loop supply chain in 
the form of growth options. 
Fig. 6. Growth options in Closed-Loop Supply Chains [14] 
Beside the growth-oriented real options also the 
opportunity of using abandon or switching options could be 
useful. The strategic identification and configuration of these 
options can decrease uncertainty and the risk of investment 
errors. 
6. Conclusion 
The described model can be used in a broad field of 
application and is business neutral. It helps to evaluate 
strategic investment decisions. Nowadays, many profitable 
investments are not realized by enterprises, as important 
factors for the evaluation are unconsidered. The structured 
identification and evaluation of external environmental 
factors, managerial design factors and real options which are 
combined to the investment process helps to do better 
investment decisions. The model for a real option-based 
evaluation of eco-oriented investments offers a realistic 
decision support and helps to prevent investment errors. At 
the same time, the temporal component of the investment 
process is regarded, part investments become appraisable and 
investment risks decrease. This offers enterprises the ability to 
regard all important factors in eco-oriented investment 
decisions. 
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